
P-‐1039:	  	  
Polarized	  Target	  Drell-‐Yan	  Single-‐Spin	  

Asymmetry	  Measurement	  to	  Access	  Sea	  
Quarks’	  Angular	  Momentum	  

Xiaodong	  Jiang	  and	  Andi	  Klein,	  Los	  Alamos	  Na:onal	  Laboratory	  
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•  Measure	  Drell-‐Yan	  yield	  dependence	  on	  the	  target’s	  spin	  direc:on.	  
•  Strong	  constraints	  on	  sea	  quarks’	  angular	  momentum.	  	  
•  Add	  a	  polarized	  proton	  (NH3)	  target	  to	  SeaQuest	  (E906)	  setup.	  

AN =
N" �N#

N" +N# =? 0

AN ≡ 0  if  Lu = 0



•  Nucleon	  spin	  crisis:	  	  ~50%	  of	  proton	  spin	  is	  not	  accounted	  for.	  	  
Sea	  quarks’	  orbital	  angular	  momentum	  could	  be	  a	  major	  part	  
of	  the	  “missing	  spin”.	  

•  Quark	  orbital	  angular	  momentum	  leads	  to	  transverse	  
momentum	  dependent	  distribuMons:	  Sivers	  distribuMon.	  

•  Polarized	  target	  Drell-‐Yan	  asymmetry	  at	  SeaQuest	  (E906)	  
provides	  a	  clean	  access	  to	  sea	  quark	  Sivers	  distribuMon.	  

•  Experimental	  setup,	  	  polarized	  target	  and	  resources	  needed.	  

Outline: 

Drell-‐Yan	  yields	  depend	  on	  target’s	  spin	  direcMon?	  

AN =
N" �N#

N" +N# =? 0

(AN ⌘ 0 Lū = 0)if	  AN ≡ 0  if  Lu = 0
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Nucleon Spin Crisis: ~50% of spin is missing 
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ΔΣq ≈ 25%

2 Lq ≈ 46% (0%(valence)+46%(sea))

2 Jg ≈ 25%

Laece	  QCD:	  K.-‐F.	  Liu	  et	  al	  arXiv:1203.6388	  

Lu+d

Lū+d̄

Ls+s̄

Jg

�⇥

2
|u+d+s

Lu	  ≈	  -‐	  Ld	  

1
2
=
1
2
ΔΣq + Lq +Δg+ Lg

Nucleon’s	  ½	  spin:	  

Many	  years	  of	  spin	  experiments	  since	  1988:	  

ΔΣq ≈ 0.25±...
Quark	  polariza:on	  from	  all	  flavor:	  

Gluon	  polariza:on	  (RHIC):	  	  

dxΔg(x) = 0.1
0.05

0.2
∫ ± 0.06

about	  half	  of	  the	  nucleon’s	  
spin	  is	  not	  accounted	  for	  

Orbital	  angular	  momentum	  ?	  	  Sea	  quarks’	  angular	  
momentum	  could	  be	  a	  major	  part	  of	  the	  “missing	  spin”.	  
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Drell-Yan at SeaQuest (E906):  a Clean Access to Sea Quark 

projected	  

small	  

d̄

ū

target	  	  
sea	  quark	  

beam	  valence	  
quark	  

Strong	  flavor	  asymmetry	  in	  the	  sea.	  

ūt(xt) · ub(xb) dominates	  

xtarget	  

Could	  sea	  quarks	  carry	  a	  significant	  amount	  of	  angular	  momentum	  ?	  	  
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The meson cloud model explains the !avor asymmetry in the 
sea, and requires quarks to carry angular momentum.     

π+	  

|p>=p	  +	  Nπ	  +	  Δπ	  +…	   Pions	  Jp=0-‐	  Nega:ve	  Parity	  
Need	  L=1	  to	  get	  proton’s	  Jp=½+ 	  

Sea	  quarks	  should	  carry	  orbital	  angular	  momentum.	  	  



Quark Orbital Momentum and the Sivers Function 
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L =

b ×

k

The	  Sivers	  func:on	  is	  the	  distribu:on	  of	  unpolarized	  
quarks	  in	  a	  transversely	  polarized	  proton	  

	  	  	  	  	  	  Sivers	  distribu:on	  was	  believed	  to	  vanish	  un:l	  2002!	  
•  Naive	  T-‐odd,	  not	  allowed	  for	  collinear	  quarks.	  Transverse	  Mom.	  Dep.	  parton	  
distribu:ons	  (TMD).	  

•  Imaginary	  piece	  of	  interference	  	  Lq=0	  ✖	  Lq=1	  quark	  wave	  func:ons.	  

Sivers	  funcMon	  =	  0,	  	  if	  Lq=0	  	  

Sea	  quark	  Sivers	  funcMon	  =0	  ?	  



Valence	  quarks	  have	  a	  clear	  	  led-‐right	  bias	  due	  to	  orbital	  angular	  momentum.	  

	  

Sivers	  effect:	  	  quark’s	  transverse	  
mo:on	  generates	  a	  let-‐right	  bias.	  
up-‐quarks	  favor	  the	  let,	  down-‐
quarks	  favor	  the	  right	  (Lu	  ≈	  -‐	  Ld)	  

€ 

   AN =
σ↑ −σ↓

σ↑ +σ↓

π + (ud ) favors left
π− (du ) favors right

Quark Sivers Distribution Leads to Left-Right Bias      
 E704	  	  √s	  =20	  GeV.	  	  PLB	  264	  (1991)	  462.	  

8	  Sea	  quark	  Sivers	  funcMon	  =0	  ?	  



The	  same	  quark	  Sivers	  distribu:on	  in	  both	  
processes,	  but	  with	  an	  opposite	  sign	  	  	  

f?q
1T |SIDIS = �f?q

1T |DY
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Accessing the quark Sivers distribution 

ep" ! e0�X pp" ! µ+µ�X

Let-‐right	  asymmetry	  in	  Semi-‐Inclusive	  
Deep	  Inelas:c	  Scawering	  (SIDIS)	  on	  a	  
polarized	  nucleon	  

Let-‐right	  asymmetry	  in	  Drell-‐Yan	  di-‐muon	  
produc:on	  (DY)	  on	  a	  polarized	  nucleon	  

Never	  	  
done	  
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Quark Sivers Distributions: "t to HERMES and COMPASS data 
(2009) 

2002-‐2004	   2002-‐2004	  

€ 

N↑(l, l' h)

Semi-‐Inclusive	  Deep-‐Inelas:c	  Scawering	  on	  transversely	  polarized	  targets	  

up-‐quark	  favors	  led	  
(Lu>0),	  
	  
down-‐quark	  favors	  
right	  (Ld<0).	  	  

	  Lu	  ≈	  -‐	  Ld	  

Sivers Asymmetry = −
eq
2

q∑ f1T
⊥,q (x, pT

2 )⊗D1
q (z,kT

2 )

eq
2

q∑ f q (x)⊗D1
q (z)

•  Fit	  Involves	  quark	  fragmentaMon	  funcMons.	  	  
•  Valence	  quark	  overwhelmingly	  dominate.	  
•  Limited	  sensiMvity	  to	  sea	  quark	  leads	  to	  zero	  

sea	  quark	  Sivers	  distribuMon.	  
	  



•  Includes new COMPASS proton target data and earlier transverse distribution data. 
•  Q2-evolution effects taken into account.  
•  Allow contributions from sea quark which leads to non-zero ubar Sivers distribution, 

with large error bars. 
•  Predicted Drell-Yan target single-spin asymmetry for SeaQuest.  
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FIG. 2: Theory fit to the experimental data on Sivers single spin asymmetries in SIDIS , as functions
of xB: left panel from COMPASS Ref. [7] and right from HERMES Ref. [4]. Q2 evolution has been
taken into account from Eq. (4).

momentum spectrum for this process, we need to apply the universality of the TMD quark
distributions, and the evolution equation fromQ0 scale to higherQ. We plot the comparisons
between the theory calculations with the experimental data in the right panel of Fig. 1. The
broadening e⇥ects for the Drell-Yan processes are well reproduced by the evolution e⇥ects
of Eqs. (3,4). For comparison, we also plot the predictions from TMD quark distributions
calculated from Ref. [17] with their evolution e⇥ects. Clearly, Ref. [17] over-estimate the
broadening e⇥ects. As we mentioned above, this might come from an over-simplified ex-
tension of the non-perturbative form factors used in Ref. [16]. These parameterizations are
needed in the framework of Ref. [16] to avoid the Landau pole singularity. They are mod-
ified in Ref. [17] to describe the SIDIS data from Refs. [4, 7], which unfortunately violates
the original predictions for the Drell-Yan processes in Ref. [16]. This indicates that the
treatments of Ref. [17] is not consistent.

Sivers Asymmetries in SIDIS and Drell-Yan. The comparison of the theory predictions
and the experimental data with Q2 range of 2.4 ⇥ 100 GeV2 demonstrates that we can use
Eqs. (3,4) to describe the energy dependence of the low transverse momentum hard processes
in this kinematic range. Now, we turn to the Sivers single spin asymmetries in SIDIS and
Drell-Yan processes. Sivers asymmetries have been observed by HERMES and COMPASS
experiments, depending on the quark Sivers functions which are unknown at the present.
Similar to what we have done above for the spin-average cross section, we parameterize at
low energy scale Q2

0 = 2.4GeV 2,

⇥F �
sivers(Q0, b) =

�ib�⇥ Mp

2

�

q

e2q �f sivers
q (x) Dq(z)e

�(g0�gs)b2�ghb2/z2h , (6)

where we have chosen a di⇥erent parameter gs for transverse momentum dependence and the

fragmentation part remains the same. The function�fq(x) = Nqx�q(1�x)⇥q (�q+⇥q)�q+⇥q

�
�q
q ⇥

⇥q
q

fq(x)

parameterize the x-dependence of the quark Sivers function as Ref. [19]. Therefore, we have
the following free parameters: gs, �q, ⇥q and Nq for valence up, down, and sea quarks. Since
the data are not su⇧cient to di⇥erentiate gs for di⇥erent flavors, we choose the same gs. We
further assume the same sea quark parameterization for up, down and strange quarks.

With the above parameterization and the energy evolution e⇥ects taken by Eqs. (3,4) for

5

Sun	  and	  Yuan:	  
arXiv:1304.5037	  

Quark Sivers Distributions: a new  "t includes new data (2013) 

A

DY
N � u(xb) · f?,ū

1T (xt)

u(xb) · ū(xt)



Projected Precision with a Polarized Target at SeaQuest 

Exis:ng	  data	  do	  not	  	  put	  enough	  	  
constraints	  on	  the	  sea	  quark	  Sivers	  
distribu:on.	  

12	  

xtarget

Drell-Yan Target Single-Spin Asymmetry
ppB A µ+µ-X,  4<Mµµ<9 GeV
8 cm NH3 target, Ptarget=0.8

A N

A

DY
N � u(xb) · f?,ū

1T (xt)

u(xb) · ū(xt)

If	  AN≠0:	  
•  Major	  discovery	  in	  nucleon	  structure.	  
•  Lubar≠0,	  	  spin	  crisis	  over	  ?	  
•  Confirm	  Laece	  QCD	  and	  Meson	  Cloud	  

Model	  expecta:ons.	  
	  
If	  AN=0:	  
•  Lubar=0,	  	  spin	  crisis	  more	  drama:c	  ?	  
•  Sea	  flavor	  asymmetry	  hard	  to	  explain.	  

Contradict	  to	  Laece	  QCD	  and	  Meson	  
Cloud	  Model	  expecta:ons.	  

Sta:s:cs	  shown	  for	  one	  year	  of	  
running	  :	  	  L =	  1.4	  *1043	  /cm2	  

	  



	  Physics Summary 
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•  We	  know	  almost	  nothing	  about	  sea	  quarks	  angular	  momentum.	  
•  Quark	  orbital	  angular	  momentum	  leads	  to	  quark	  Sivers	  

distribuMon.	  
•  IdenMfying	  a	  non-‐vanishing	  sea	  quark	  Sivers	  distribuMon	  could	  

lead	  to	  	  a	  major	  breakthrough	  in	  nucleon	  structure.	  
•  Polarized	  target	  D-‐Y	  at	  Fermilab’s	  SeaQuest	  provides	  an	  unique	  

opportunity	  to	  pin	  down	  sea	  quark’s	  angular	  momentum.	  
•  Dedicated	  group	  of	  theorists	  at	  LANL	  to	  support	  this	  effort:	  I.	  

Vitev,	  Z.	  Kang,	  C	  Lee	  
Does	  Drell-‐Yan	  yield	  depend	  on	  target’s	  spin	  direcMon?	  

AN =
N" �N#

N" +N# =? 0

(AN ⌘ 0 Lū = 0)if	  

A

DY
N � u(xb) · f?,ū

1T (xt)

u(xb) · ū(xt)



The Polarized Target Installation and Support Needed	  

•  Why	  here	  at	  FNAL	  	  	  
•  Current	  spectrometer	  and	  Integra:on	  
•  Polarized	  Target	  Overview	  
•  Special	  Requirements	  for	  Polarized	  Target	  Experiments	  
•  Yield	  and	  Precision	  
•  Support	  needed	  
•  Time	  Line	  
•  Summary	  
	  

6/3/13	   Polarized	  Drell	  Yan	   14	  



E906	  Spectrometer	  	  

New LANL  polarized target & E906 Spectrometer 

x	  

z	  

P	  //	  y	  

•  4	  scin:llator	  hodoscope	  sta:ons	  (x	  and	  y)	  
•  4	  tracking	  sta:ons	  (x	  and	  stereos)	  
•  Setup	  close	  to	  E906	  (see	  later)	  
•  1*1013	  p/spill	  
•  Kinema:c	  Range	  4	  <	  M	  <8	  GeV	  

x:	  Bendplane	  

ST1	  

ST2	  
ST3	  

ST4	  

p	  beam
	  120	  Ge

V	  

FMAG	  
KMAG	  

The	  right	  place	  for	  this	  experiment	  

Why	  at	  FNAL	  and	  why	  now	  
•  Can	  perform	  world’s	  highest	  luminosity	  polarized	  target	  

Drell-‐Yan	  measurement	  at	  Fermilab‘s	  120	  GeV	  proton	  
beam	  	  

•  Perfect	  spectrometer	  for	  study	  of	  sea	  quarks	  
•  Only	  small	  modifica:ons	  required	  
•  Pol	  target	  work	  aligns	  well	  with	  schedule	  



Principle of Dynamic Nuclear Polarization: 

B

νe	  =	  140GHz	  

νe+νp	   νe-‐νp	  
micro	  wave	  

electrons	  

protons	  

iP =
µigiH
2kBT

!

"
#

$

%
&

Thermal	  Equilibrium	  TE	  
TE:	  T=1K,	  H=5T	  
Pe	  =	  .998	  
Pp	  =.005	  

TE	  

P>92%	  

Keith	  et	  al.	  NIM	  A	  501	  (2003),	  327	  JLAB	  
Well	  established	  technology:	  SLAC,	  JLAB,	  	  PSI	  …	  

1.  Create	  paramagne:c	  centers	  through	  irradia:on	  	  
2.  Use	  dipole-‐dipole	  interac:on=>	  Hyperfine	  Splieng	  
3.  Pump	  on	  electrons	  with	  140	  GHz	  
4.  τe	  <<	  τp	  	  	  =>	  Large	  Polariza:on	  (τ	  Relaxa:on	  :mes)	  

Polariza:on	  P	   TE	  measurement	  

Polariza:on	  Measurement	  

Hydrogen	  



The Polarized Target System 

Measure	  polariza:on	  

Roots	  pump	  system	  used	  
to	  pump	  on	  4He	  vapor	  to	  
reach	  1K	  

Superconduc:ng	  Coils	  
for	  Magnet:	  5T	  
Rota:on	  needed	  

Target	  material:	  frozen	  NH3	  
Irradia:on	  	  @	  NIST	  

Microwave:	  Induces	  
electron	  spin	  flips	  
•  Tube	  +	  Power	  equip:	  

Cryostat:	  UVa	  

10,000	  m3/hr	  

Magnet	  from	  LANL	  

4
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NH3 Target Parameters: 
 
•  Cylinder	  Φ	  :	  4cm	  (x,y),	  	  	  	  	  	  	  	  

length	  8cm	  (z)	  
•  ρ=	  .91	  gm/cm2	  	  frozen	  NH3	  	  
•  Packing	  Frac:on	  =	  .6	  
•  Dilu:on	  Factor	  =	  3/17	  NH3	  
•  5.1	  g/cm2	  (NH3)	  +	  .44	  g/cm2	  

He	  
•  3	  *	  1024	  nucleons/cm2	  
	  

Requirements and  Running 
conditions: 
 
•  	  	  	  	  	  	  <	  10-‐4	  field	  uniformity	  over	  cell	  
•  μ-‐	  wave:	  2.2	  W	  +beam:	  370mW	  
•  Total	  heat	  load	  2.6	  W	  
•  100	  liter	  liquid	  He/day	  
•  Requires	  10,000	  m3/hr	  	  pumping	  

capacity	  

Sot	  Iron	  Plate	  to	  clamp	  
field	  from	  15G	  to	  5	  G	  

dB
→

B
→

μ-‐wave	  horn	  

JLAB	  target	  



Polariza:on	  as	  a	  func:on	  of	  
accumulated	  beam	  dose	  2.5T	  target	  
(D.	  Crab	  private	  communica:on)	  

•  Anneal	  every	  24	  hours	  ~	  1hr	  at	  80K	  (yellow	  line)	  
•  Replace	  target	  material	  every	  10	  days	  (two	  

ac:ve	  targets)	  ,	  will	  take	  one	  shit	  
•  Replace	  target	  s:ck	  
•  Cool	  down	  
•  perform	  TE	  measurement	  
•  Turn	  on	  microwave,	  measure	  again	  

Systema:cs	  control:	  
•  Reverse	  Polariza:on	  Direc:on	  during	  each	  shit	  
•  Reverse	  magnet	  field	  of	  Fmag	  and	  Kmag	  every	  two	  shits	  
•  Reverse	  magne:c	  field	  of	  target	  magnet	  every	  target	  replacement	  
•  Background	  measurements	  every	  shit	  with	  target	  out	  

Systema:c	  errors:	  
•  Absolute:	  1%	  	  (Luminosity	  precision	  on	  different	  pol	  direc:ons)	  
•  ΔA/A	  ~	  4%	  	  (Dominant	  effect	  polariza:on	  measurement)	  

Beam effects on polarized Target 
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Yield	  CalculaMon	  
•  beam:	  1	  *1013	  p/spill	  
•  Target	  :	  3.1	  *1024	  N/cm2	  
•  One	  year	  L =	  1.4	  *1043	  /cm2	  

•  4<M<8	  GeV	  
Assumed	  Efficiencies:	  
•  Beam	  and	  Experiment	  

availability	  from	  E906	  =	  .5	  
•  Addi:onal	  efficiency	  due	  to	  

pol	  target	  =.8	  (conserva:ve)	  

Yield and Beam Time Request 

t−1∝ρ f •P( )2 •  f	  =	  .6	  
•  P	  =	  .8	  measuring	  :me	  

for	  	  given	  ΔA	  

Bin	
 xt_min	
 xt_max	
 <xtarget>	
 Nevt	
 σA	


1	
 0.00	
 0.17	
 0.137	
 34761	
 0.039	


2	
 0.17	
 0.24	
 0.201	
 37472	
 0.036	


3	
 0.24	
 0.50	
 0.324	
 38853	
 0.036	


Cuts	
 Efficiency	

Yield/

calendar 
year	


All DY in the kinematic range	
 100%	
 1.34E+08	


µ+µ- accepted by all detectors	
 2%	
 2.78E+06	


Accepted by trigger	
 50%	
 1.39E+06	


µ+µ- pair reconstructed (with target/dump 
separation cut)	
 8%	
 1.11E+05	


target
x0 0.1 0.2 0.3 0.4 0.5

C
ou
nt
s

3
10

4
10

5
10

Request	  for	  two	  years	  of	  beam	  
Mme	  
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2	  

1	  

Changes	  and	  Support	  needed	  	  
•  lit	  roof	  of	  cave	  (36”)	  .2M$	  
•  new	  hoist	  in	  cave	  (2	  ton)	  
•  He	  and	  LN	  fill	  lines	  	  .5M$	  
•  He	  lines	  installa:on	  1M$	  
•  beam	  collimator	  to	  prevent	  magnet	  

quenches	  
•  beam	  posi:on	  monitors	  
•  Safety	  infrastructure	  for	  Oxygen	  

deficiency	  
•  Liquid	  Helium	  needs	  for	  2	  years:	  
A)	  Helium	  liquefier	  system/recovery	  

•  running	  and	  maintaining	  system	  
•  According	  to	  A.	  Klebaner	  too	  

expensive	  
B)	  Buying	  liquid	  Helium	  

•  storage	  system	  for	  exhaust	  	  
•  100	  lt	  *600	  =	  60,000	  lt	  gas	  =	  

420K$	  	  
•  Might	  be	  able	  to	  sell	  back	  to	  

vendor	  

Beamline	  

E906	  Cave	  

1,2:	  possible	  Roots	  
Pump	  loca:ons	  

Dewars	  

LANL	  contribuMon	  through	  LDRD:	  
1.  Refrigerator	  +	  Instrumenta:on	  240K	  
2.  Pumps	  250K	  (ROOTS	  and	  Compressor)	  
3.  μ-‐wave	  200K	  (already	  have	  tube)	  
4.  NMR	  120K	  
5.  Transferlines	  and	  plumbing	  90K	  
6.  NIST	  irradia:on	  80K	  
7.  Oxford	  changes	  80K	  
8.  Magnet	  +	  power	  supplies	  1.2	  M$	  
TOTAL:	  	  	  5.2	  M$	  (including	  labor)	  

Changes to E906 Target Cave and Support 

TOTAL	  :	  ~2.1	  M$	  (including	  labor)	  (very	  preliminary)	  

Nego:a:on:	  FNAL,	  DOE	  and	  collabora:on	  



10/1/13	   10/1/14	   10/1/15	   9/30/16	   9/30/17	  

Reorient	  Coil	  (Oxford)	  

New	  Refrigerator	  (UVa	  &	  Lanl)	  

Design	  of	  Refrigerator	  

Construc:on	  of	  refrigerator	  

Test	  of	  refrigerator	  

Design	  and	  construc:on	  of	  target	  insert	  

Complete	  system	  test	  and	  integra:on	  

Ship	  to	  LANL	  

NMR	  system	  (LANL)	  

micro	  wave	  system	  (LANL)	  

NIST	  irradia:on	  

magnet	  tests	  back	  from	  Oxford	  

Full	  polariza:on	  test	  

Ship	  to	  FNAL	  

Test	  and	  Integrate	  into	  e906	  

Ready	  for	  beam	  

Beam	  on	  target	  

E906	  beam	  

Tentative Schedule 

P1039	  

Oxford	  

UVa	  

LANL	  

FNAL	  

LANL	  LDRD	  Project	  

E906	  



Summary 
•  First	  Measurement	  of	  p-‐p	  Drell	  Yan	  with	  a	  polarized	  target.	  
•  Measure	  Single	  Spin	  Asymmetry	  for	  Sea	  Quarks	  
•  Access	  Quark	  Angular	  momentum	  through	  Sivers	  DistribuMon.	  
•  Help	  solve	  the	  nucleon	  spin	  puzzle	  

	  
•  Request	  2	  years	  of	  beam	  Mme	  
	  
•  FNAL	  and	  E906	  ideally	  situated	  for	  this	  experiment	  	  
•  Aligns	  well	  with	  current	  E906	  beam	  :me	  
•  Spectrometer	  already	  in	  place,	  largely	  unchanged	  
•  Replace	  current	  cryogenic	  targets	  with	  polarized	  target	  
•  Provide	  new	  facility	  for	  FNAL	  nuclear	  spin	  physics	  
•  Requires	  only	  modest	  support	  from	  FNAL	  

L ≠ 0AN ≡ 0  if  Lu = 0



Backup	  slides	  

6/3/13	   Polarized	  Drell	  Yan	   24	  



6/3/13	   Polarized	  Drell	  Yan	   25	  



LOI	  projected	  
precisions	  

x2

Sivers Asymmetry in Drell-Yan
ppB A µ+µ-X,  4<Mµµ<9 GeV
Fermilab polarized target
Pbeam=120 GeV
8 cm NH3 target, Ptarget=0.8

A N

Exis:ng	  SIDIS	  data	  do	  not	  	  have	  
enough	  	  constrain	  on	  sea	  
quarks	  Sivers	  distribu:on.	  

26	  



JLab	  Hall	  A	  E08-‐027	  

27	  



Possible	  improvements	  in	  near	  future.	  

28	  

A	  high	  rate	  front	  tracking	  sta:on	  (GEM)	  to	  improve	  vertex	  and	  momentum	  resolu:on.	  
Adiaba:c	  passage	  for	  spin	  reversal.	  
Target	  material,	  7LiH,	  improve	  dilu:on	  factor.	  
Magne:c	  field	  reconfigura:on,	  change	  acceptance	  to	  focus	  on	  lower	  x2.	  
New	  tracking	  sta:ons	  with	  larger	  detectors.	  
	  

Rela:on	  with	  E906,	  E1027	  (polarized	  beam).	  

Compe::ons:	  
COMPASS-‐II@CERN	  	  pi-‐	  beam	  on	  NH3	  target.	  
AnDY@RHIC	  
droplet	  target@RHIC	  extracted	  beam	  
PAX	  polarized	  an:-‐proton	  
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